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Allium cepa assayThe cytotoxic and genotoxic effects of the aqueous leaf extract of Icacina trichantha Oliv. were evaluated
using Allium cepa bioassay. Onion bulbs were exposed to various concentrations, 25–100% v/v, of the extract
for 48–96 h for macroscopic and microscopic analyses of the onion roots. The extracts signiﬁcantly
inhibited the root growth of Allium cepa compared with the control in a concentration-dependent manner
(P b 0.05) Also, photomicrographs revealed chromosomal aberrations ranging from chromosome laggard,
vagrant, polar deviation, stickiness and bridges in the root tip cells of A. cepa. Similar studies in animal model
are recommended for further evaluation of the use of I. trichantha leaf extract in human welfare.
© 2013 Published by Elsevier B.V. on behalf of SAAB.1. Introduction
Icacina trichantha Oliv. (Icacinaceae) is a perennial shrub commonly
found in ﬁeld crops, forest regrowths, and waste areas in most parts of
Nigeria. The leaves are simple, alternate, and broadly-elliptic. The stem
is straggling, semi-wood, round in cross-section, has soft brown hairs
and arises from an underground tuber that also has soft brown hairs
(Akobundu and Agyakwa, 1998).
The Yorubas in Nigeria use the leaves to coronate their chiefs
(Dalziel, 1937; Ezeigbo, 2010). Also, for wrapping processed oil bean
seeds locally known as ‘ugba’ in Igbo (Asuzu and Abubakar, 1995). The
species is reportedly used as medicine in rural communities in Nigeria
(Timothy and Idu, 2011; Asuzu andAbubakar, 1995). The Igbos consider
the plant to be aphrodisiac (Burkill, 1985). Samuel et al. (2011) reported
the hepatoprotective ability of .I. trichantha (Itr) sodium arsenite
induced genotoxicity suggesting it as a possible anti-tumour agent.
The use of herbal medicine predates the introduction of antibiotics,
social, economic and religious barriers (Akinyemi et al., 2003). Plants
form the main ingredients of medicine in traditional system of healing
and pharmaceutical drugs (Idu, 2011). However, the therapeutic beneﬁt
of any material is always considered in view of its biosafety.
Allium cepa (onion) assay is a sensitive test that has been used for the
determination of anti-mitotic, cytotoxic, and, or genotoxic effects of
various chemical substances and herbal preparations (Grant, 1982;vier B.V. on behalf of SAAB.Smaka-kinel et al., 1996; Akinboro and Bakare, 2007; Oloyede et al.,
2009; Olorunfemi et al., 2011).
The objective of this study was to investigate the cytotoxic and
genotoxic effects of I. trichantha using A. cepa bioassay.
2. Materials and methods
2.1. Collection and preparation of plant material
The plant leaves of I. trichanthawere collected from Ekosodin in Ovia
North Local Government Area of Edo State, Nigeria and authenticated by
theHerbarium team in the Department of Plant Biology and Biotechnol-
ogy, University of Benin, Benin City, Nigeria. The samples were air dried
before reducing into ﬁne powder. Then 900 g was soaked in 2 L of dis-
tilled water in a glass jar and stirred vigorously at intervals. After 24 h,
the macerated material was ﬁltered through a cotton wool plugged
into a glass funnel. The ﬁltrate was dried over a water bath and various
concentrations of the extract were then prepared via serial dilution
to obtain stocks of 10%, 25%, 50%, 75% and 100% concentrations.
They were preserved in well screwed air tight containers and kept in a
refrigerator until further use.
2.2. Allium cepa test
Average sized (purple) onion bulbs were purchased from an open
local market in Benin City, Nigeria. They were stored in dry and well
aerated conditions for a reasonable period before use to prevent rot
Table 1
Root length of A. cepa exposed to different concentration of I. trichantha aqueous leaf
extract.
Concentration
(%)
Number
of roots
Mean
root length (cm)
% Root growth
of control
0 345 3.54 ± 0.57a 100
10 321 3.19 ± 0.49a 90
25 122 1.33 ± 0.48b 37
50 89 1.04 ± 0.33b 29
75 41 0.58 ± 0.10b 16
100 26 0.35 ± 0.03b 10
n = 5; Values are means ± SEM;Means with similar superscripts within the column are
not signiﬁcantly different, P N 0.05.
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that have started shooting green leaves were all discarded.
2.3. Macroscopic evaluation
The growth inhibition assay was performed as a 96 hour semi-static
test (Rank, 2003). The onions were exposed for 96 h to test samples of
10%, 25%, 50, 75% and 100% concentrations of extract respectively. The
base of each of the bulbs was suspended on each test samples inside
70 ml plastic cups in the dark for 96 h. Each sample was set-up in seven
(7) replicates. The test samples were changed every 24 h with fresh test
samples. At the end of the exposure period, only 5 bulbs showing the
best root growth were selected from each concentration of the test sam-
ples. For each bulb, the roots were cut from the base with a sharp razor-
blade. Twenty of the best root lengths were measured with a metre rule
and used as an index of general toxicity. Visible morphological
modiﬁcations, such as changes in root consistency and colour as well as
the presence of swellings, hooks or twists in the rootswere also observed.
2.4. Microscopic evaluation
For microscopic evaluation of induction of chromosomal aberra-
tion, 5 onion bulbs were suspended in each of the test samples and
control for 48 h. Afterwards, the root tips from these bulbs were
excised and ﬁxed in ethanol: glacial acetic acid (3:1 v/v) farmer's
ﬁxative and kept in tooth pick containers to prevent the root from
drying out and to maintain the genetic integrity of the root cells.
The root tips were stored in the freezer at 4 °C. The already ﬁxed
root tips are removed from the container and placed in Petri dishes
containing 1 N HCL then heated in an oven at 60 °C for ﬁve minutes
to soften the tissue after which they were rinsed 3 times in distilled
water (Odeigah et al., 1997).
The root tips were then gently collected with a spatula and each
placed on clean microscopic slide and squashed with a clean glass
rod. After thorough maceration, the root tips were stained with 2%
acetocarmine dye. They were allowed to stand for 3 min before care-
fully placing clean cover slips over them at an angle of 45° to excludeTable 2
Cytological effects of treatment with different concentrations of I. trichantha aqueous leaf extra
Concentration
of extract
(%)
No. of
dividing
cells
No. of
cells at
prophase
No. of
cells at
metaphase
No. of
cells at
anaphase
No. of
cells at
telophase
Chromosome
Stickiness B
0 265 78 69 76 42 – 1
10 255 70 69 74 42 4 –
25 231 65 59 65 42 8 7
50 215 58 55 62 40 8 9
75 207 57 52 60 38 12 1
100 193 54 49 55 35 13 1air bubbles. Excess stains were removed with tissue paper acting as a
blotter. The blotter was placed on the cover slip and pressed down to
ﬁx into position. Two ﬁngers were used to press from left to right
over the cover slip to remove superﬂuous stain and arrange the
chromosome in one plane. Then, the edges of the cover slips were
sealed on the slides with nail varnish (Grant, 1982). This is to pre-
vent dry out of the preparation under the heat of the microscope
(Sharma, 1983).
A total of about 500 cells from ﬁve scorable slides per sample
(i.e. 100 dividing cells per slide made from onion root tips excised
from each concentration of extract in which they were planted)
were observed at 1000× magniﬁcation for different mitotic stages
and chromosomal aberration using a light microscope. Photomicro-
graphs were taken using a Bresser model microscope with a 14.1 M
pixel Sony Mavica digital camera. The mitotic index and frequency
of chromosomal aberration were calculated based on the number
of aberrant cells per total cells scored at each concentration of each
sample (FiskesjÖ, 1985; Bakare et al., 2000).
The mitotic inhibition was determined using the following formula:
Mitotic index ¼ Numberof dividing cells
Totalnumberof cells
 100
%Aberrant cells ¼ Numberof Aberrant cells
Totalnumber of cells
 100
%root growth of control ¼ Overall mean root lenght of test solution
Overall mean root lenght of control
 100:
3. Results
The effects of the extract of the plant I. trichantha on root growth of
A. cepa are presented in Table 1. Signiﬁcant reductions in root length
growth were observed from the 25% concentration. Table 2 displays the
cytological effects of the treatments with different concentration of I.
trichantha extract on A. cepa root tips. On Table 2, the number of diving
cells (i.e. cells in any of the four phases ofmitosis— prophase, metaphase,
anaphase and telophase) found in a total of 500 cells was also presented.
4. Discussion
The Alliummodel has long been acknowledged to possess the ability
to interact with mutagenic agents during its cell cycle; as a result the
test has often been used to determine the cytotoxic and genotoxic
effects of harmful chemicals (Grant, 1994; FiskesjÖ, 1997). Data obtain-
ed from the effects of the I. trichantha extracts on root growth of A. cepa
showed that there was concentration-dependent decrease in root
growth. This gradual and signiﬁcant (P b 0.05) root growth reduction
at increasing concentration suggesting toxicity, which corroborates
with earlier reports on the cytotoxic effects of aqueous extracts ofct on A. cepa root tip cells.
aberration (per 500 cells)
ridges Laggards Polar
deviation
Vagrant Total
aberrant
cells
Mitotic
index
(%)
Mitotic
inhibition
(%)
% Aberrant
cells
(%)
– – – 1 53.00 0.00 0.38
– – 1 5 51.00 3.77 1.96
1 – 2 18 46.20 12.83 7.79
3 – 3 23 43.00 18.87 10.70
1 3 1 4 31 41.40 21.89 14.98
2 4 2 5 36 38.60 27.17 18.65
KEY:              Bridge                    C-mitosis                          
 Laggard                                                      polar deviation     vagrant  
a b c d
Fig. 1. Photomicrographs of chromosomal aberrations in A. cepa root tip cells due to treatment with I. trichantha aqueous extract: (a) Bridge and Laggard Chromosome; (b) C-mitosis;
(c) Vagrant Chromosome; (d) Polar Deviation at telophase.
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2009).
Numerous studies have shown that whenever there is root growth
inhibition in the Allium test, there is always reduction in the number
of dividing cells (FiskesjÖ, 1997; Babatunde and Bakare, 2006;
Olorunfemi et al., 2011). The reduction in the number of dividing
cells is a reﬂection of the mitodepressive effect on the cell division
of A. cepa. An aqueous extract of I. trichantha may possess ability to
block the synthesis of DNA and nucleus-proteins, a phenomenon
that has been reported with extracts of many other medicinal plants
(Mercykutly and Stephen, 1980).
Mitotic index (MI) is an acceptable measure of cytotoxicity for all
living organisms (Smaka-kinel et al., 1996). The MI was observed to
decreasewith increase in concentration of extract. This decline is attrib-
uted to interference in the cell cycle and the increase in the incidence of
chromosomal aberrations with corresponding increase in the concen-
tration of the extract as earlier reported by Adegbite and Sanyaolu
(2009). Chromosomal aberrations are changes in chromosome struc-
ture resulting from a break or exchange of chromosomal material. The
chromosomal aberrations noticed in this study were majorly sticky
chromosomes, bridges and vagrants and these are mostly lethal. Chro-
mosome stickiness is characterized by chromosome clustering during
any phase of the cell cycle, which is postulated to result from defective
functioning of one or two types of speciﬁc nonhistone proteins involv-
ing chromosome organization which are needed for chromatid separa-
tion and segregation (Gaulden, 1987). The altered functioning of these
proteins is caused by mutation in the structural genes coding for them
or by the direct action of mutagens (Turkoglu, 2007). Lagging chromo-
somes are those that do not pinch out completely from their opposite
daughter cell. Thus, the name lagging chromosome. Polar deviation de-
picts daughter chromosomes on separating at the centromere, rather
than appearing opposite to each other, they appear adjacent. Stickiness
reﬂects high toxicity of substances as well as irreversibility of the
change. Acentric fragments in anaphase is the result of chromosome
or chromatids interruption indicating interference with DNA while
bridges probably occur by the interruption and joining chromosomes
or chromatids or as a result of chromosome stickiness. Itmay also be as-
cribed to unequal translocation or inversion of chromosome segments
(Turkoglu, 2007; GÖmürgen, 2005). Bridges and fragments are
clastogenic effects, both resulting from chromosomal and chromatid
breaks. Laggards and vagrants are a result of a partial despiralization
of chromosomes. The lagging of chromosomes was caused by distur-
bances in the mitotic spindle or the centromere (Fig. 1b).
C-mitosis otherwise known as colchicine mitosis is an inactivation of
the spindle followed by a random scattering of the chromosomes over
the cell. A delayed centromere division may result in the chromosomes
assuming the characteristic C-pairs conﬁguration in which sister chro-
matids, while remaining attached at the centromere, no longer remain
adjacent to one another. C-mitotic compounds which interfere with the
division of the cell nucleus are also classiﬁed as spindle poison, mitotic
poisons or antimitotic compounds. The chromosomal aberrationsobserved in this study are evidently caused by the chemical
constituents in the extract since no abberation was observed in
the control. Also, the cytotoxic effect increased proportionately
with concentration of the extract. Although these results suggest
that the aqueous extract of I. trichantha posssesses inhibitory and
mitodepressive effects on the cell division of A. cepa. There is a need
for further genotoxicological and risk assessment investigations for
the beneﬁt of the human welfare.References
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